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TECHNICAL MEMORANDUM X-53293

SA-10 FLIGHT MECHANICAL SUMMARY

George C. Marshall Space Flight Center

ABSTRACT ;22&333/

This report presents the Flight Mechanical Summary for Saturn I
vehicle SA-10 to be launched from Pad 37B, Eastern Test Range on a
flight azimuth of 95.2 degrees East-of-North. A successful flight will
insert the spent S-IV stage and payload consisting of an Apollo boiler-
plate (BP-9) and a Meteoroid Technology Satellite (Pegasus C) into a
535 km circular orbit. 1Included is a discussion of the operational
predicted trajectory with its orbital mission objectives and constraints,
guidance, sequencing, and insertion parameters. The three-sigma envelope
of thrust, flow rate, liftoff mass, and wind speed variations is given,
along with impact data, in the Range Safety part of this report. A
study of wind disturbances, three-sigma Cj and C2 variations, and + 10%
control gain deviations shows the vehicle to be structurally capable of
withstanding the expected winds during the launch period. Pertinent
tracking and telemetry ground coverage data are presented for poweired

and orbital flight phases. _Z !( )
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SUMMARY

The trajectory for SA-10 is shaped to insert the S-IV stage/Pegasus
C combination into a circular orbit at approximately 535 km altitude,
measured at insertion. The predicted nominal orbital lifetime is 725
days. The probabilities of achieving guidance cutoff and of not permitting
the LH, residuals to exceed 250 lbm have been equalized at a value of
95.5%.

The pitch program for the S-I stage is identical to that of SA-8
and essentially provides a minimum angle of attack through the high
dynamic pressure region. The Iterative Guidance Mode (IGM) is employed
to guide the S-1IV stage in pitch, with a delta minimum guidance mode in
cross range.

The S-I booster will propel the vehicle to an altitude of 88.94 km
and range of 79.70 km. After separation of the S-I and S-IV stages, and
approximately 2 seconds of ullage rocket operation, S-IV mainstage
ignition occurs. The S-IV main engines burn continuously until the
guidance computer initiates the Guidance Cutoff Signal (GCS), which
will occur when the inertial velocity reaches 7592 m/s. After 10
seconds elapse to permit complete thrust decay, orbital imsertion will
occur at 642.085 seconds after liftoff.

The vehicle wind limit is no less than 65 m/s from any azimuth
and is more than twice the three sigma maximum wind for the predicted
month of launch. The fueled vehicle free standing and launch release
surface wind limits are 16.9 and 10.3 m/s, respectively.

A 95.57 confidence level exists of not exceeding roll and tumble
rates of 9 deg/sec and 2 deg/sec, respectively.




PART I
TRAJECTORY

A, INTRODUCTION

The Block II vehicle SA-1Q, consisting of two live stages,
Instrument Unit, Apollo Boilerplate, and Pegasus Payload (Figure I, 1 & 2),
is scheduled to ascend from Launch Complex 37B, Eastern Test Range
Facilities in the summer of 1965, SA-10 will have a launch azimuth
of 90 degrees East-of-North, and will roll into a 95.2 degree East-of-
North flight azimuth,

This trajectory is based on propulsion (References 1 and 2) and
mass (Reference 3) data provided by P&VE Laboratory. The first stage
will be propelled by eight Rocketdyne H-1 engines providing a total
thrust of 1.5 million pounds. Six 15,000 pound thrust, Pratt &
Whitney, RL10A-3 engines power the S-IV stage during flight. The
S-I stage measure 6.5 meters in diameter and 24.5 meters in length.
The S-IV stage is basically a 5.6 meter-diameter cylinder measuring
12.5 meters in length., With the Instrument Unit, Payload and Launch
Escape System (LES), the total vehicle configuration stands approx-
imately 57.3 meters and has a liftoff mass of 511,709 kg (1,128,124 lbm).
Found in Reference 4 is a more complete description of the vehicle and
payload. There will be no onboard camera coverage of separation, and
likewise, no television monitoring of Pegasus deployment.




B. DESCRIPTION

The SA-10 vehicle will 1lift off from Pad 37B, rising vertically
for 9 seconds in order to clear the launch facilities and then
simultaneously begin its pitch program and roll maneuver. The roll
rate will be nominally one degree per second.

The first stage trajectory was shaped to minimize aerodynamic
moments during the period of highest dynamic pressure. The tilt
program is not biased for wind as the launch date occurs during a low
wind period. The entire flight program was optimized to attain the
maximum performance while achieving the desired orbital mission
objectives which, briefly, are:

1. Provide a near-circular orbit in the region of 500 km
altitude (270 nautical miles) at the end of one year.

2, Insert into an orbit having an inclination of approximately
28.87 degrees.

3. Maximize guidance cutoff probability.
4., Minimize residual LHo at guidance cutoff.

A tilt arrest of 52.45 degrees is programmed at 138 seconds
after liftoff to insure ample damping time for various sloshing and
transient motions in order to avoid premature cutoff and separation
sequences. The separation sequence of events is commanded from a
timer which is initiated by propellant level sensors (Reference 5).

After separation, tilt arrest is continued until 168 seconds after
liftoff, allowing sufficient time for the LES tower and ullage casings
to be jettisonmed. The Launch Escape System has only one active motor,
the jettison motor. This motor provides the capability of separating
the LES from the Command Module (CM) during an abort mode or during
normal flight.

The Saturn guidance system, Iterative Guidance Mode (IGM),
implemented approximately 18 seconds after separation, will guide the
S-1IV vehicle to the desired terminal conditions. Guidance Cutoff
Signal (GCS) is sent by the onboard computer (ASC-15) when the inertial
velocity reaches 7592.0 m/s.




B. DESCRIPTION (CONT.)

Orbital insertion is defined to occur 10 seconds after the
Guidance Cutoff Signal is generated by the guidance computer. Upon
GCS the S-IV stage undergoes a 180-second duration non-propulsive venting
period to reduce residual hydrogen in the tank. At the end of this
period the vents close followed one second later by separation of the
Apollo boilerplate from the Pegasus C/S-IV stage combination. The Pegasus
satellite will begin its wind deployment 60 seconds after Apollo boiler-
plate separation, requiring approximately 60 seconds for this function.




C. RESULTS

The orbital mission objectives are achieved to the following
degree:

1. The nominal orbital altitude after one year is 500 km.
An orbital altitude history for nominal and minus three- sigma
atmospheric conditions is presented in Figure I-3.

2. The nominal inclination of the osculating conic at the time
of insertion is 28.88 degrees.

3. The probability of a guidance cutoff is 95.5%.

4. The probability of LH), residuals not exceeding 250 lbm is
95.5%.

A summary of the SA-10 vehicle characteristics, trajectory history
and insertion and orbital conditions is presented in Table I-I. Predicted
vehicle characteristics to be used for post-flight evaluation are
presented in Table I-II. The S-I stage pitch steering program, the S-IV
guidance terminal conditions and the vehicle sequence of events are
detailed in Tables I-III, -IV, and -V, respectively. A brief mass
characteristics outline is presented in Table I-VI. The powered flight
trajectory from liftoff to Pegasus/Apollo boilerplate separation and the
S-I stage retro and coast-to-impact trajectory are presented in detail in
Table I-VII, A through J,

The flight profile is graphically presented in Figure I-4 with its
nominal pitch steering program presented in Figure I-5.

The earliest S-I inboard engine failure which still results in
guidance cutoff is 90 seconds after liftoff. An outboard failure will
not permit a guidance cutoff, but failure after 140 seconds from liftoff
will result in an orbit with perigee greater than 400 km altitude.




Table I-I
SA-10 FLIGHT DATA

(All values are inertial where applicable unless otherwise denoted.)

A.

LAUNCH & TRAJECTORY DATA

Launch Complex and Pad

Latitude at Launch (Geodetic)
Longitude at Launch

Launch Azimuth

Flight Azimuth

S-1I Stage Roll Angle

S-1I Stage Mach One

S-1 Stage Maximum Dynamic Pressure
S-I Stage Pitch Angle at Tilt Arrest

S-I Stage Velocity at OECO (Inertially Ref)
(Earth Ref)

S-I Stage Path Angle at OECO (Inertially Ref)
(Earth Ref)

S-1 Stage Altitude at OECO

S-1 Stage Range at OECO

S-1IV Stage Guidance Cutoff Signal (GCS)
S-1IV Stage Velocity at GCS

S-1V Stage Path Angle at GCS

S-1IV Stage Altitude at GCS

S~-1IV Range at GCS

S-IV Stage Latitude at GCS (Geocentric)
S§-1IV Stage Longitude at GCS

INSERTION CONDITIONS

Insertion Time

Velocity

Path Angle (against local vertical)
Altitude (oblate earth)

378

28.53185 degrees (N)
80.56495 degrees (W)
90° E of N

95.2° E of N

5.2 degrees

55 seconds

67 seconds

52.45 degrees

3051.17 m/s
2714.87 m/s

56.810 degrees
52.032 degrees

88.94 km
79.70 km
632.085 sec
7592 .00 m/s
89.994 degrees
535.754 km
1844 ,208 km

25.270 degrees
62.297 degrees (West)

642.085 seconds
7595.0 m/s
90.0008 degrees
535.708 km



SA-10 FLIGHT DATA (CONT.)

Range

Latitude (Geocentric)
Longitude

Azimuth

ORBITAL CHARACTERISTICS (spherical earth;
Re= 6,378.165 km)

Perigee Altitude

Apogee Altitude

Anomalistic Period

Semi-Major Axis

Eccentricity

Inclination

Longitude of Ascending Node
Argument of Perigee

True anomaly at Insertion

Eccentric Anomaly at Insertion

Mean Anomaly at Insertion
Regression Rate of Node

Rate of Change of Argument of Perigee
Vis Viva Energy (Twice Total Energy)
Nominal Lifetime

-30 Lifetime

Ballistic PaEageters for Tumbling Vehicle
D

Post Venting Orbital Mass
Ballistic Coefficient CDA/m

1910.20 km

25.111 degrees

61.665 degrees (West)
104.759 degrees

531.6 km

531.9 km

95.27 min
6909.9 km

.00002

28.88 degrees
176.5 degrees (East)
258.5 degrees
220.0246 degrees
220.0254 degrees
220.0261 degrees
-6.6 deg/day
+10.7 deg/day
-57.77K.m2/sec2
725 days

532 days

2
265 m

10323 kgs
.026 m2/kg



TABLE I-II

PREDICTED VEHICLE CHARACTERISTICS FOR FLIGHT EVALUATION COMPARISON

S5-I Stage

The S-I thrust averages are obtained by considering the longitudinal
components of thrust, reduced to sea level throughout flight. They
are as follows:

F F F
T

where F, is the main engine thrust average and F. is the turbine
exhaust thrust average.

F1 = 6,776,786 newtons (1,523,482 1bf)
Fy = 13,732 newtons  ( 3,087 1bf)
Fr = 6,790,518 newtons (1,526,569 1bf)

The S-I flow rate is derived as follows:
° - W - W
W= |Yr=0) " "(=140) aux | /140 ,
where waux = Ice, trapped environment, and chilldown.
S Wp = 2682 kg/sec (5913.5 lbs/sec)
ISp = 258.1 sec

S-1IV Stage

The S-IV stage thrust averages are vacuum values averaged from
1.8 second to 480.0 seconds of S-IV flight time.




TABLE I-I11
(continued)

where F1 is the engine thrust along longitudinal axis = 397486 newtons
(89358 1bf)

F5, = Thrust due to cluster effect = -2785 newtons (-626 1bf)
F3 = Helium heater and leakage thrust
through chilldown ducts = 734 newtons (165 1bf)
Fp = 395,435 newtons (88,897 1bf).

The flow rate is also obtained from 1.8 seconds to 480.0 seconds of
S-IV flight time,

W = 95 kg/sec (208.8 lbs/sec)

425.8 sec

=
1

sp




TABLE I-TII

PITCH TILT PROGRAM FOR SATURN I VEHICLE SA-~10

Flight (deg) Flight (deg) Flight (deg)
Time Time Time
(sec) (sec) ~ (sec)
0 0 33 6.70 66 24,65
1 0 34 7.15 67 25.25
2 0 35 7.65 68 25.80
3 0 36 8.10 69 26 .35
4 0 37 8.60 70 26 .95
5 0 38 9.10 71 27.50
6 0 39 9.60 72 28.10
7 0 40 10.10 73 28.65
8 0 41 10.65 74 29.15
9 0 42 11.10 75 29.75
10 0.25 43 11.70 76 30.30
11 0.30 44 12.25 77 30.80
12 0.45 45 12.80 78 31.40
13 0.60 46 13.30 79 31.90
14 0.65 47 13.90 80 32.45
15 0.90 48 14.40 81 33.00
16 1.05 49 14.90 82 33.50
17 1.25 50 15.50 83 34.05
18 1.45 51 16.10 84 34.50
19 1.70 52 16.60 85 35.00
20 1.95 53 17.15 86 35.50
21 2.25 54 17.75 87 36.00
22 2.50 55 18.30 88 36.45
23 2.85 56 18.85 89 36.90
24 3.20 57 19.45 90 37.40
25 3.50 58 20.00 91 37.85
26 3.85 59 20.60 92 38.25
27 4.25 60 21.20 93 38.75
28 4.60 61 21.75 94 39.15
29 5.00 62 22.35 95 39.65
30 5.45 63 22.90 96 40.00
31 5.85 64 23.50 97 40.40
32 6.25 65 24,05 98 40.85

10




Flight
Time
(sec)

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

(deg)

41.20
41.65
42.00
42.35
42.80
43.15
43.50
43.85
44 .25
44.60
44 .90
45.25
45.55
45.90
46.25
46 .50
46.85
47.15
47.50
47.70
48.05
48.35
48.60
48.85
49.10
49.40
49.65
49.90
50.15
50.40
50.60
50.85
51.10
51.30
51.50

TABLE I-III (CONT)

Flight
Time
(sec)

134
135
136
137
138
*168

*Time of IGM

(deg)

51.75
51.75
52.15
52.40
52.45
52.45

11



TABLE I-IV
IGM TERMINAL CONDITIONS

The following defines the necessary IGM terminal conditions.

N = Terminal Radius Vector

ﬂT = Terminal Time Rate Change of M

éT = Terminal Tangential Velocity

Vp = Terminal Total Velocity = \/%2 + é2 )

. T T

T]gT = Terminal Radial Acceleration Due to Gravity

ééI = Terminal Tangential Acceleration Due to Gravity
T! = Time-To-Go (initially)

Vex = Exhaust Velocity (g, - Isp)

The values for the above for SA-10 are as follows:

nT = 6910000.0 meters
7T = +1.64 meters/sec
ET = 7591.46 meters/sec
Y? = 7591.46 meters/sec

1 2

gT = -8.35 meters/sec
£

eT = 0
T!' = 465.0 sec (initially)
\Y = 4200.0 meters/sec

ex

12




TIME

(From Liftoff)

0.0
9.0
14.2
137.7
138.0
141.7
143.52
149.52
150.22
150.32

152.02
154.02
162.32
168.00
595.00

632.085
642.085
812.085
813.085
873.085
933.085

TABLE I-V

SA-10 SEQUENCE OF EVENTS

EVENT

Liftoff

Initiate Roll and Pitch Tilt

Terminate Roll

Signal from Sequencer to Enable Level Sensors
Tilt Arrest

S-1 Stage Level Sensor Signal

Inboard Cutoff (S-I Stage)

Outboard Cutoff (S-I Stage)

Ullage Rocket Ignition (S-IV Stage)

Separation, Immediately Followed by Retro
Rocket Ignition (S5-I Stage)

S-1V Mainstage Ignition

Ullage Rocket Thrust Termination
Jettison Ullage Rocket Casing and LES
Initiate Active Guidance

Signal from Sequencer to Arm LOX Cutoff
Capability

S-IV Stage Guidance Cutoff Signal
End of Powered Flight

Close Blowdown Non-Propellant Vents
Start S-IV Pegasus/Apollo Separation
Begin Pegasus Wing Deployment
Terminate Wing Deployment

13




TABLE I-VI1

SA-10 Mass Characteristics

Total Mass at Liftoff 511,
Mass at First Stage Cutoff (OECO) 117,

Mainstage Consumption During First 392,

Stage of Flight (To Separation)

Mass at Second Stage Ignition 62,

(152.02 sec)

Mass at Second Stage Cutoff 15,

(632.09 sec)

Mainstage Consumption During Second 45,

Stage of Flight

Flight Performance Reserve at S-1IV
Cutoff

Orbiting Payload 10,

14

709

035

332

339

527

315

341

48

323

kg
kg

kg

kg

kg
kg

LOX
LH

(1,128,124 1bm)
(258,018 1bm)

(864,943 1bm)

(137,435 1bm)

(34,230 1bm)

(99,903 1bm)

(530 1bm)

(106 1bm)

(22,758 1bm)
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FIG. I-1. SATURN SA-10 VEHICLE
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PART 1II
LAUNCH CRITERTA AND ORBITAL VENTING STATUS

A, LAUNCH CRITERIA

Mr. Sullivan/pac/876-~3579
TO Distribution DATE June 24, 1965
R-AERO-FM=-21=-65

FROM Chief, Flight Mechanics Branch, R-AERO-FM

SUBJECT  yind Launch Criteria for SA-10

REFERENCE (a) R~P&VE=-SLL-65-6, "Structural Strength of SA-8 and SA-9
Vehicles," January 22, 1965
(b) SA-10 Preliminary Predicted Trajectory, Unpublished
(¢) Saturn I, Block II Design Criteria Book
(d) M-AERO-G-53-63, ''Cape Canaveral, Florida, Wind Profile
Envelopes for Selected Flight Azimuths,' March 28, 1963
(e) I-MICH-OA Letter Dated June 3, 1965

1. Wind speed limits for the SA-10 vehicle have been determined for
the maximum dynamic pressure time point (t = 68 sec). These limits are
established based on structural capabili.. : of the space vehicle as given in
Reference (a). The structural capabilities ¢f the space vehicle have been
coordinated with MSC and are in agreement with structural limits imposed by
them. tructural data furnished are a function of angle of attack (&), gimbal
angle (B), and dynamic pressure (q). Disturbances other than the wind used
to establish these limits are 997% shears and gusts (Reference (c¢), 3 0 cq
and ¢, variatioms, and * 10% variation in the control gains. Trajectory data
used are those obtained from Reference (b):.

2, TFigure 1l shows the wind speed limits as a function of wind azimuth
for the maximum dynamic pressure time point (t = 68 sec). This figure shows
the limits for various assumptions and combinations of disturbances upon
which a decision for launch might be based. Wind magnitudes within the shaded
portion of the figure could cause launch problems and a preflight simulation
would be necessary for a launch decision., Wind magnitudes above the shaded
portion of the figure could cause launch problems or make launch impossible,
Wind magnitudes below the shaded portion create no apparent launch problems,
But, under exceptional conditions, even winds of this magnitude may still
lead to structural problems; therefore, a limited amount of flight simulation
will still be performed.

3. Figure 2 shows the limiting wind from the most critical direction
probability-wise, which is the tailwind. These wind limits are shown over
flight time, assuming the same disturbances and combination of disturbances
as used for Figure 1. Also shown on this figure is the 3 o0 wind for the
month of July (Reference (d}. Figure 3 shows the angle-of-attack limit and
gimbal angle limit as a function of flight time for the same disturbances.




SUBJECT: Wind Launch Criteria for SA-10 June 24, 1965

The gimbal angle limit shown here is derived in combination with the
angle-of-attack limit and does not utilize the full gimbal angle capability
of the vehicle, which is eight degrees. Also shown on this figure are the
angle-of-attack and gimbal angle for the 3 0 July wind as a function of
flight time. Predicted median winds for July are less than 5 m/s and,
therefore, are not shown since their effect would be negligible.

4, The Saturn Block II vehicle, fueled, was designed to be structurally
capable of withstanding the highest wind speed that may occur 99.9 per
cent of the time, during any monthly period, while free-standing on the launch
pad. During periods when ground wind conditions are predicted to exceed
the 99.9 per cent peak wind speeds, the vehicle must be placed in a service
structure or secured in such a manner that no additional wind loading
conditions will be encountered by the vehicle; otherwise a risk of loss
due to structural failure must be assumed. The free-standing SA-10 vehicle,
unfueled, can withstand peak winds of approximately 34.7 knots (Reference (e).

Surface Wind Restriction: Referenced to 60 feet above natural

grade.
Steady State Velocity Peak Velocity
(knots) (m/sec) (knots) (m/sec)
Vehicle Free-Standing 33 max 16.9 46 max 23.7
(Fueled)
Launch Release 20 max 10.3 28 max 14.4

Using the 60 foot reference level (as agreed on between KSC and
MSFC) the vehicle cannot be launched during peak winds exceeding 14.4 m/sec
at this level. The probability of a peak wind exceeding 1l4.4 m/sec at
60 foot level above natural grade during July (excluding hurricanes) is
less than .005. Winds of this magnitude create no control or collision
problems during liftoff. If the launch should be made in August, the
restrictions are less severe since the predicted winds for August are lower

than predicted winds for July.
X,&O./,,ZQU._
L. O. Stone

APPROVAL: CONCURRENCE:

& %W

/F° A. Speer, R-Aﬂﬁé F C,ZA. Kroll, R-P&VE-S

T L =s Jﬁ(}{kv¢&51;5

E. D. Geissler, R-AERO-DIR H. H. Hosenthien, R-ASTR-F

3 Enc: 37
Figures 1-3
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Wind Speed (m/sec)
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100
80
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FIG. 2. TAILWIND LIMIT VERSUS FLIGHT TIME
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FIG. 3. ANGLE OF ATTACK AND GIMBAL ANGLE
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B. ORBITAL VENTING STATUS

The SA-10 post insertion venting analysis provides a 95.5%
confidence level of not exceeding the 9 deg/sec roll and 2 deg/sec
tumble rate limits outlined in Reference 6 . This analysis reflects
the structural changes that are being incorporated for this vehicle;
i.e., the interchange of 02 and Hy non-propulsive vents. It also
includes the best estimate of impingement effects of vented Hp gases
on the Pegasus wing structure (based on SA-9 flight evaluation data),
as well as perturbations due to misalignments, c.g. shifts, etc.
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PART III

Range Safety Data Summary for SA-10

The range safety data presented in Reference 7 consists of
booster and LES impact areas, effects of range .safety flight termina-
tion, land impact probabilities, injury probabilities, turning rate
effects and other pertinent information.

The following parameters were varied to obtain the 3 0 envelope
for range safety purposes: thrust, flow rate, liftoff weight, and
wind speed. Impact data for this envelope is given in tabular form
and consists of instantaneous cutoff time, geodetic latitude, longitude,
remaining flight time, and range along the earth's surface from launch
to impact. (See Reference 7).

The vehicle velocity vector turning data for the nominal trajectory
is graphically presented. In particular, the total velocity vector
magnitude and orientation in the lateral direction is presented as a
time function from the point of malfunction (engine gimbal deflection),

applied in the yaw plane. (See Reference 7).

The probability of the S-IV stage dropping short of orbital
insertion is .13. The probability of impacting on land can be calculated
as follows:

= t

p; = At X Pg
Ty

P1 = probability of impacting on land area
A, = dwell time (IIP transit time)
Tg = total burn time of second stage
Pp = probability of any failure causing the 2nd stage to drop short.
For SA-10: P = 4.9 X .13 = 1.3 X 10-3
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PART III (CONT'D)

Subdividing the impact probabilities for individual countries:

Land Area Dwell Time Impact Probability
Angola 2.8 7.6 X 10-4
Rhodesia & Nyasaland 1.5 4.1 X 10-4
Bechuanaland .1 2.6 X 10-3
Mozambique .3 8.1 X 10-3
Madagascar .2 5.3 X 10-5

The probability of injuring a person downrange can be determined
in the following manner:

Prp = P1 X N x 3
La
where
Pip = probability of injuring a person
N __ = population density of country
Lo
A;, = lethal area

The probability of injuring a person, by overflying land is:

= ~6
Prp = 4.7 X 10
The probability of injuring a person, subdivided by Nation:
N/LA

Nation Pr (Per Sq. Mi.) Pip
Angola 7.6 X 10-4 25 3.4 X 10-6
Rhodesia & Nyasaland 4.1 X 10-4 12 8.8 X 10-7
Bechuanaland 2.6 X 10-3 1 4.7 X 10-9
Mozambique 8.1 X 10-3 25 3.6 X 10-7
Madagascar 5.3 X 1072 21 2.0 X 10-7

PAD AREA STUDY

To avoid any impact of maximum distance pieces due to destruct, on
critical areas, the wind profile in Figure III-1 should not be exceeded.
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PART IV
TRACKING

Data pertinent to the expected ground coverage of the SA-10
vehicle for primary tracking and telemetry stations are presented.
Tracking coverage during the powered flight phase will be provided by
C-band radar, ODOP Uprange, GLOTRAC, MISTRAM and close-in optical systems.
For orbital flight C-band radarsfwill provide coverage for about five
revolutions after which MINITRACK will be the sole tracking source.

Powered Flight

A map defining the vehicle ground trace during powered flight and
the coverage redundancy for primary ground sites is shown in Figure IV-1.
As seen in the map, the entire powered flight is visible through the
period of the Pegasus wing deployment to at least one ground station with
a minimum of three station coverage to the time of shroud separation.

A detailed assessment of the visibility of the vehicle to each
ground station scheduled to receive telemetry data and track the onboard
electronic systems is presented in Figures IV-2 through IV-9. Elevation
angle and slant range histories are shown from liftoff through Pegasus
wing deployment or loss by the last C-band radar at Antigua. The
Antigua station views the final deployment phase at a minimum elevation
angle of 7 deg and a maximum slant range of 2000 km.

Elevation and slant range histories for the Green Mountain station
at Huntsville,Alabama, are given in Figure IV-10. The maximum elevation
angle reached for Green Mountain is 9.5 deg with an elevation of
approximately 1 deg at S-IV cutoff.

The Fort Myers MINITRACK station will also provide coverage during
powered flight. Slant range, elevation angle and azimuth angle histories
are given in Figure IV-1l. Fort Myers views S-IV cutoff at an elevation
of 5 deg, an azimuth of 89 deg East-of-North and a slant range of 2110 km.

Orbital Flight

Primary tracking immediately following S-IV cutoff and insertion
into orbit is provided by C-band radar stations. A summary of this
coverage is given in Table IV-I.
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TABLE IV-I Post Insertion Ground Coverage

Station Elevation at S-IV Cutoff Time Above Zero Deg Elevation
MILA 7 deg 105 sec

Patrick 7 105

Grand Bahama 11 150

Grand Turk 23 245

Bermuda 29 310

Antigua 25 410

The locus of ground projections during the initial five orbital
revolutions, with the ground network and visibility areas for C-band
radar and MINITRACK superimposed, are shown in Figures IV-12 and IV-13,
respectively.

Close approach range and maximum elevation angles for each of the
first five revolutions are tabulated in Table IV-II for those stations
having maximum elevation angles of at least 10 deg.

TABLE IV-II Orbital Ground Coverage

Rev 1 Rev 2 Rev 3 Rev 4 Rev 5
€% R* € R € R € R € R
RADAR deg km deg km deg km deg km deg km
MILA 44 739 13 1574
Patrick 45 725 14 1558
Antigua 83 537 15 1457
Bermuda 13 1607
Ascension 19 1301 66 573 14 1532
Carnarvon 68 561 18 1338
Hawaii 75 550 39 803 31 950 53 654 42 761
White Sands 50 685 27 1044
Pretoria 33 887 8l 533 54 635 84 528 31 923
MINITRACK
Ft. Myers 63 597 18 1343
Quito 19 1310 66 574 11 1681
Lima 24 1105 53 646
Santiago 12 1638
Johannesburg 32 904 82 532 54 639 81 531 33 895
Woomera
Goldstone 33 902 25 1103

* € Maximum Elevation Angle
* R Close Approach Range
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The Green Mountain station will view the first orbital pass 99
minutes after liftoff at zero deg elevation, an azimuth of 263 deg
East-of-North and a slant range of 2671 km. Time above zero deg

elevation will be 11 minutes. The close apprach range will be 1180 km at a
maximum elevation of 22 deg.

47




ALITIGISIA LH9ITd Q343MOd }-Al 9ld

¥yinl Ppuoi9 ‘g

pphwJeg G pwoybg puni9 ‘2
onBijuy ‘¢ paiy ado) ‘|
S31IS NOILVLS AMUVWINd
oooo_ _o0¢ sv 09 %€,
oo_.iw N oS!
4
}opdw|
spu3 oysiiog I- £
suibag g 3
ANIWAOTd3a P R b
om_mN 09 I-S
LINIT NOILVA3IT3
oc 3IA08VY L1HOINS
d3IMO0d 9SNIM3IA
S3llS 40 d3IGNNN
g K-
° oSt o0t

48




S3IYOLSIH NOILVA313 ¥vavy "2-AL9Id

(o0s) owiy yybii4

000!

008

z - -y p— o
rrrem— SR36E ik A1 T
Gt «Mx H ~L” + s v A_ | T
. A + B T 8 1
. bl .imr W.n 1 h . - 3 BAbONi
;s . t H t 2= +
i R ML
tH w..] 11 3 2! ' 8 > -+ H Y
T TN ) L !
22 H 1 ik e o
asb Rl ) H 158 BRI foS
i i iz ¥ ity I
i L HIH of HILLLE A0F b
T i HiHE (Y
i f $HE B
b s s
295 iE g Y 1 EHEN BREEH ON
ighsl ! Hint. TREETRE
HH 5 b, vasen B SRl B +
ines : Bt T T
HiH it d 5! R :
Tt ; H g, 1854 i3 By
iasashages Saa8ls i ._: i
i33R4RS Ho 4 - w‘ 2
sebissIti pEge, R 14 ! o
iZaegaagtis j 4 sihi ol . i
agea 1
i 1 i i1t i
{ H ‘ i + 1
SHi Sats TR 3 : H It
i R it : Beadk: ;
: T saseggans s ) ! e
! : ! T
H it L i i
1T Re) T rpEgspas .
,,,,, . it A
|\ o . pa - 1 11 ¥ I -+
H 1] 14 4 14
T REA 0B
ifg H 1 H
i 155 e ] I :
LR T BB T
SR iEch H HiiHg
iSERRRNAREICIRESIRG! 1a00eY H e
iaa H !
HH 5! taen v HE 5
B E R ¥ . 1 13589 ow

juswkojdeq

uoyosodas 09 XI-S 09 I-S Y
(6ep) uo1yoAs|3

49




(90s) owip 4ybu4
0001

S3IYOLSIH IONVY LINVIS ¥vavY "e-AI9Id
009

tHi

naga

HHE

T

ng
s

T

wpage =g

ndi

25 &

yanesnes
1

SgNuagugal
T
png
T

(wy) abuoy juolg

50




S3IYOLSIH NOILVAITN3 d0OQO -

(o0s) owny yby4
009 om

NVYLSIN

L4

Y-A 914

00¢

000!
-

0l

02

0¢

o) 2

- sy a: y ’
il il
. o HH & + a8
HH =dfatss iEReRRaTIILE
FH i 5 1 [ sHse HH i b
H § SHE H s H
” 888 s HH i » L 4 14135 g. ) 4 - I H i H : {1
said H a3 1 % H tH i & kg ghas 3 s
B ' r) I ! - " 4 L : i M
AT T H sasel H o3 mE R
] k Il Y N H i )
i SRAREENE i H :
H T g w‘ 1 R TN 1 L] N B
H ! il b " B
1 shEdHe L a NI . i) T i 3
ssahy g i8d: 1gpn i Lo Hd H T £
Hi 1 7.
sies T I ]
oL H i
18 1 = R
A T H h gs 2
HEHH H
asapeal 17 ot
j§ SEREASEeun yens F :
Y akc 225003
HHH TEUES P 5 3 Hilte
i i 3
sag A ke
H 1
BT e

25

T

0S

T
I

09

wowkojdeg

00 I-S (Bap) uoyone3

51




SIINOLSIH IONVY INVIS dOGO - WNVYLSIN 'S-AI'Sid
(o0s) swn) jybyi4
000! 008 009 (110 4 002 0
-

o

e ’
_

;
i

H : |
HEH H 5. ¥
i }

5, Sa3:
o
o
N
=

i
i 5
1
¥
E
§
¥ |
: i ¥ H
o ¥ |
' i H
3 i H
: i
St i snme. ==a vesSsaan e = il 8@.
e H X
H | ¥
HHH 3 E
H HH ' ¥
H ¥
H ases |
H .
mna 1
1 t
¥ H
H ¥ 8t
3 % 38
E ¥ ¥
¥ H %
E ¢ S 38 |
K ) Het |
| 48 - T
oot 25 senes B
) 4 ual 11 n s B 1 o
¢ H
sasdsissicadaiee ¥ o
bbbt ;e
| o
H |
4t ]
3¢ |
¥
| i
¥ i
i | 1
+ H | &
E & | i
: |
B o R R
a2 |
! o & f | |
. o 48 1 g |
o 4 $ |
4 1 ! |
| i & |
E § £ |
B t i i 2 H
i " HH 31 o
K o2
18 ¥ T
T 1 T .
1 + 1 THEHH
} ¥ T
- - i L - °°°~

™
"2}

(wy) obuoy eig




S31H0LSIH NOILVA33 JVHL10T9 "9-A 9ld

(o0s) owjl 4yby4
000! 008

juswkojdeq  uojjpiodeg

00 AI-S

e ! SRR 0
i i
: ; 4
oL : H
t g ettt 0 |
Fe ... !
ol y e |
H :
m ; i |
“ i m i
o * n ¥ ON
i : ! E
; ]
: T
.m. i
HE S s
JHEE 1
b 4 HEH T o€
: £ 1 {1
L ; N i
i il A
e SHAG : - O b
S if i
i N | HHF
T H - -7
HH H HHH
1 &
i 3T Hashinds. | AL
mﬁ > i it ww HH 8
o il k4 w_‘ : REE
it hi 1 ﬂ» w*
: bS] adid e
; el : w“. ik
s i resEre
i 4 i HiH il 09

09 I-S v
(6op) uoyjoAe|3

53




S3IYOLSIH JONVY INVS u<~._._.o._.o LE9Nd

(29s) owyp 4yby4

000! 008 009 00¢ 0

o

3 H

T
onns
 aaaRs
T

B

|

"

o

3

0od

b

K
»
i

.

aens

1t

12 Do
in 5
T

=nam

5 358
s 338

T
4
¥

T

meem

iz

Hed

: i S iy 002!

ens

<.

P

bt

24 2atd 3 1Eses dasdnttiar . i fats * 0091

35

o
oY

RS e ee oeee 4 §~

H
24
1
¢ H oo ~
: e mianr,anaEitisass dRSIiT.EaT sams * '
E H : jideee o } it |
| o i b o | 14 H- : |
E & g ot x
B ! F ¥
E 3 T
| ¢ H3H +
E ise So8e ia2 H
E i it 5
E 4 ? i |
H
¥ i H i
E i !
E it i t
E & i i g H
& = = it &

(wy) abuoy juo|S




S3I4OLSIH NOILVA313 ANL3IN313L 8-AT9ld
(908) ow)) ...a__u_oS

55

T ol e 1T T IO BRANSS 4 a0
H : TR THT i "
51 T HH F H
SEEsall sascet ! H
| L 44 H 3
HH it H
H ' £ s
aee - - ! s an —
:
b ¢ 13 3 s 1 nu#
a1 113 HH be
epetet- i 3+ 44
23! HHH 1
)t & H s s
o ++ e H I HHH
oM 3 4§ HHH
nash 1T
44 4 e & + -
¥ H ¢
) H H
ag H1d +H - -
spiset o 82
E P H :
X IR o HH ¥
& e
i1 H
ST
tF N
! e
5,
bt 88 & &
HHT HY
. HH
3 HH
T
i
+ A
1 i &
- < - Pttt
T ¥ T
HHE 1 HH
23
1 s
iidy
seunai HH ssas +
1
T aoe
Hi T b HH
H o
S H
H s
H i u 8
} 223,
H
1 HH
¥ H
HH HEHH
: : 3
t K
H HH
H tH 5
H 228282 tH 8
i o] 4 HHEY
HH
HHH
TR
B
T be i
+ tH 1
! :
T Y :
FHERTH
HHEHHR] 2

jvswkoideg uojoiodes  0) AI-S 03 I-S (5ep) uoyyoani3




SIINOLSIH JONVYH INVIS AYLIINITIL 6-A9Nd
(o0s) awiy yby4
, 0

LTI

A85

IRRat quedy
Lot

IR ES20E 521

00%

EREEE

008

00¢!

0091

000¢

00te

008¢

|
(wy) ebuoy juo|S




8500 600 700
Flight Time (sec)

FiG. I¥-10. GREEN MOUNTAIN COVERAGE HISTORIES

57




Siant Ronge (km)

24001

58

16001

800+~ fd '

200 300

Azimuth  Elevation (deg)

400 800 600 .
Flight Time (sec)

90+

60

o ! —
i I ”’
-

,..—”Azimnth B

T -
4

- 8-I¥CO

et

30

~

2

700

o 100

Fe. IN-14.

200 300

400 S00 600
Flight Time (sec)

FORT MYERS COVERAGE HISTORIES

L




ALITIGISIA V11880 ¥VvAVY °2i-Al 'Old

D|J0}04d ‘6
SpUDS OHIYM '8 pnbluy b
1IDMDH °2 ppnwieg g
UOAJDUID) ‘9 84V ¥014ibd 2
uojsueosy ‘g VNI
SNOILVLS
%mm 0001 o021 oObl o091 008! 608l oObl o021 o600l o008 o609 o0P o002 o0 o002 oOF o009 o08 ooo_oo
ovVI 0
, . /)
ob a ~ ~ b
o fw NI‘ Vd 1./ \\\ll \
o_m/ | \_ S - 2
o /\ / L~ \
R / . 4
00 N ] Vi § o0
/ / \\.-l// \ ~ ~
002 N P ™ -~ \ . 2
_ olinjoAsY Y
@ \ ’ nﬂ% — .
ov N > < - \ \ A
TEA ~ | QoI5 4= ﬂoc
09 ‘w\mﬂ i&v\v \\IW\AWQ \a m/
sl 2 T ST
. “W “ =
| o08 h .
v 008 o001 0021 oObl o091 o081 o091 o0Pl o021 o000l o008 o009 o0F o002 o0 002 o0t 009 o008 o00!
bep 2 -—-
Bep O| —

w1 uoyoAe|3

59.



ALINIGISIA TVLISYO MOVYLININ °Si-Al 9Id

e11y9 * 0BD14uDS ‘P

DIUJO}IIDD ‘9K%DT 8u0ysplo9 2 nied ‘bwi ‘e

DI|DJiSNY ‘ DIBWOOM 'O Jopond3 ‘ond "2

DY Yinog ‘Bangseuubyop ‘G Dp140)4 ‘sJ0AN 404 ° |
SNOILVLS

008 0001 o021 oO0bl 0091 o008l o091 o0t o021 o000l o08 o009 o0V o02 o0 002 o000 009 o008 o00!
OOmw N 08

oOb A% A
B

o0¢

4

AN

o0

N

002

oOPt

009

009

AN 7

!
¢

\\lr\A
2
\\wﬁ%v/\ -

Tz kw
008 :
008 o001 0021 o0 o009 008! o091 o0 002 00! 008 o009 o0b o002 00 002 o0t o009 o008 ,00!

bep 0| ---
bop Gy —
HWIT UOHDAS|3

60




REFERENCES

(Propulsion S~I) R-P&VE-PPE-65-M-183 "Propulsion Performance
Prediction for $-I-10," May 25, 1965.

(Propulsion S-~IV) R~P&VE-PPE-65-M-195 "Final S-IV-10 Propulsion
Prediction,” June 2, 1965.

(Mass Characteristics) R-P&VE-VAW-65-81 "Preliminary SA-10 Mass
Characteristics," May 28, 1965.

Saturn SA-10 Vehicle Data Book, June 11, 1965.

(Flight Sequence) DWG. 10M30138, "Saturn I/SA-10 Flight Sequence,"
June 1, 1965.

I-I/IB-P-65-156, "Angular Rate Limits for SA-8 Pegasus Satellite,"
March 30, 1965.

Range Safety Report #4-65, June 17, 1965.

61



SA-10 FLIGHT MECHANICAL SUMMARY

The information in this report has been reviewed for security
classification. Review of any information concerning Department of
Defense or Atomic Energy Commission programs has been made by the
MSFC Security Classification Officer. This report, in its entirety,
has been determined to be unclassified.

APPROVAL: CONCURRENCE:
07’77‘“’"&6“3“ Qnn. VMl

0. M. HARDAGE, JR. ANN McNATIR

Chief, Trajectory Section Chief, Mission Studies Section
Lo Pree F e LA~

L. 0. STONE FLETCHER KURTZ

Chief, Flight Mechanics Branch Chief, Operation Studies Branch

hief, Flt Eval & Opns Studies Div

AN Y

. D. GEISSLER
Director, Aero- odynamics Laboratory

62




DISTRIBUTION

DIR, Dr. von Braun
DEP-T, Mr. Rees

DEP-A, Mr. Gorman

R-DIR, Mr. Weidner
I-DIR, Mr. Young
I-1/IB-MGR, Colonel James
I-I/IB-SIV, Mr. Ferguson
I-V-MGR, Dr. Rudolph
I-E-MGR, Mr. Belew
R-AERO-DIR, Dr. Geissler
R-AERO-DIR, Mr. Jean
R-AERO-A, Mr. Dahm
R-AERO-AT, Mr. Wilson
R-AERO-ATA, Mr. Elkin
R-AERO-AD, Mr. Linsley
R-AERO-AD, Mr. Dunn
R-AERO-ADD, Mr. Nunley
R-AERO-D, Mr. Horn
R-AERO-AU, Mr. Young
R-AERO-A, Mr. Holderer
R-AERO-G, Mr. Baker
R-AERO-DD, Mr. Winch
R-AERO-DD, Mr. Ryan
R-AERO-F, Dr. Speer
R-AERO-F, Mr. Lindberg (5)
R-AERO-FO, Mr. Kurtz

R-AERO-FF, Mr. Sheats
R-AERO-FM, Mr. Stone
R-AERO-FM, Mr. Hardage (20)
R-AERO-FM, Mr. Wittenstein
R-AERO-FM, Mr. Sullivan
R-AERO-FM, Mr. McNiel
R-AERO-FM, Mr. Leonard
R-AERO-FM, Mr. Crafts
R-AERO-P, Mr. McNair (6)
R-AERO~-P, Mr. Teague (10)
R-AERO-T, Mr. Reed
R-AERO-T, Mr. Cummings
R-AERO-Y, Mr. Vaughan
R-AERO-P, Mr. Tinius

R-AERO-FOO, Mr. Naumcheff

R-AERO-FM, Mr.

Funston

R-AERO-FMT, Mrs. Pack
R-AERO-FMT, Mr. Weiler

R-AFRO-FM, Mr.

Solmon

R-AERO-FOM, Mrs. McNair
R-AERO-FP, Mr. Clarke

R-TEST-DIR, Mr. Heimburg
R-ME-DIR, Mr. Kuers
R-SAI, Earl Butler
R-P&VE-DIR, Mr. Cline
R-P&E-DIR, Mr. Hellebrand
R-P&VE-X, Mr. Faulkner
R-P&VE-P, Mr. Paul
R-P&VE-AVA, Mr. Denton
R-P&VE-VS, Mr. Schulze
R-P&VE~-S, Mr. Kroll
R-P&VE-SL, Mr. Showers
R-P&VE-S, Mr. Hunt
R-P&VE-PTD, Mr. Hastings
R-P&VE-V, Mr. Palaoro (2)
R-P&VE-VAW, Mr. Mormann
R-P&VE-PPE, Mr. Nelson
R-QUAL-DIR, Mr. Grau
R-COMP-DIR, Dr. Hoelzer
I-I/IB, Mr. Peterson (2)
I-I/IB-E, Mr. Callaway
PA-Mr. Jones

R~-ASTR-DIR, Dr. Haeussermann
R-ASTR-I, Mr. Hoberg
R-ASTR-F, Mr. Blackstone
R-ASTR-R, Mr. Taylor
R-ASTR-FO, Mr. Mink
R-ASTR-G, Mr. Mandel
R-ASTR-NGI, Mr. Blanton
R-ASTR-NGI, Mr. Nicaise (2)
R-ASTR-NGI, Mr. Schaefer
R-ASTR-F, Mr. Hosenthien
R-ASTR-N, Mr. Moore
R-ASTR-M, Mr. Boehm
R-ASTR-TJ, Mr. Brandner
R-ASTR-E, Mr. Fichtner
R-ASTR-S, Mr. Seltzer
R-ASTR-NGD, Mr. Burdeshaw
R-ASTR-NGD, Mr. Carlile
R-ASTR-IRD, Mr. Ely
R-ASTR-NGD, Mr. Winkler
R-ASTR-IR, Mr. Barr
R-ASTR-IR, Mr. Eden

V, Dr. Gruene

EF3, Mr. Hershey

VI, Mr. Moser

VG3, Mr. Chambers

EF4, Mr. Varnadoe 63



DISTRIBUTION (CONT)

VE, Mr. Davidson MS-T, Mr. Roy Bland
VG4, Mr. Jenke MS-H
VG4, Mr. Whiteside

VE, Mr. Williams HME-P
FM, Mr. Pickett cC-P
DIR, Dr. Debus

T, Dr. Knothe

EP, Mr. White

ED, Dr. Bruns

SF, Mr. Moore

ED4, Mr. Jelen

E, Mr. Sendler

MSC-PT6, Mr. McKann

MSC-PS-3, Mr. Perrine

MSC-FM, Mr. Mayer

MSC-FM, Mr. Incerto

MSC-STO, Mr. Funk

MSC-SCE, Mr. Skopinski

MSC-TS, Mr. Cohen

MSC-FM, Mr. Ricks

MSC-EG, Mr. Chilton (2)

MS-IP

MS~IPL (8)

Scientific and Technical Information Facility (25)
Attn: NASA Representative (S-AK/RKT)

P. O, Box 5700

Bethesda, Maryland

Mr. Donnegan

Code 544

Goddard Space Flight Center
Greenbelt, Maryland

National Aeronautics and Space Administration
Office of Manned Space Flight

Code: MAO

Washington, D. C. 20546

Attn: Mr. Phil Beyer

64




